Objective-To document the trend in arterial hypoxaemia and electrocardiographic abnormalities on the second to sixth nights after acute myocardial infarction. Patients-Nineteen consecutive patients with acute myocardial infarction who were monitored continuously during the night (minimum 2300-0700) with a Holter tape recorder and a pulse oximeter. Fifteen patients were monitored for five nights, one patient for four nights, one patient for three nights, and two patients for two nights. Results-Five patients had >30 episodic oxygen desaturations of > 5% during the nights of monitoring and many patients had episodes with oxygen desaturations to <80% ranging from 46% to 61% (from 7/15 to 11118 patients) during the nights of monitoring. Constant hypoxaemia was found in 11-13% (2115) 
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Objective-To document the trend in arterial hypoxaemia and electrocardiographic abnormalities on the second to sixth nights after acute myocardial infarction. Patients-Nineteen consecutive patients with acute myocardial infarction who were monitored continuously during the night (minimum 2300-0700) with a Holter tape recorder and a pulse oximeter. Fifteen patients were monitored for five nights, one patient for four nights, one patient for three nights, and two patients for two nights. Results-Five patients had >30 episodic oxygen desaturations of > 5% during the nights of monitoring and many patients had episodes with oxygen desaturations to <80% ranging from 46% to 61% (from 7/15 to 11118 patients) during the nights of monitoring. Constant hypoxaemia was found in 11-13% (2115) of the patients. Simultaneous episodic hypoxaemia and episodic tachycardia was seen in 9/17 (52%) patients on the second night, 11118 (61%) on the third, 7115 (46%) on the fourth, 8/15 (53%) on the fifth, and 5/15 (33%) on the sixth night. Simultaneous episodic hypoxaemia and ST deviation was seen in 5/17 (29%) patients on the second night, 3118 (16%) on the third, 4/15 (26%) on the fourth, in no patients on the fifth, and in 3/5 (20%) on the sixth night. Simultaneous occurrence of episodic hypoxaemia and arrhythmias (supraventricular, ventricular ectopy, and atrioventricular blockade) was seen in 5117 (29%) on the second night, 4118 (22%) on the third, 4115 (26%) on the fourth, 2/15 (14%) on the fifth, and in no patients on the sixth night. Overall, simultaneous occurrence of episodic hypoxaemia and electrocardiographic abnormalities (episodic tachycardia, ST deviations, and arrhythmias) was seen in 11/17 patients (64%) on the second night, 13118 (72%) on the third, 10115 (66%) on the fourth, 8115 (53%) on the fifth, and 7115 (46%) on the sixth night. One patient who died of cardiogenic shock had simultaneously occurrmng episodic hypoxaemia and nonsustained ventricular fibrillation on the night before she died.
Conclusion-Episodic and constant hypoxaemia are common during the first week after acute myocardial infarction. Episodic hypoxaemia was associated with electrocardiographic abnormalities in most patients. Thus, episodic nocturnal hypoxaemia may be particularly detrimental to the infarcted myocardium in the early phase after infarction; special attention should therefore be directed towards oxygenation in this group of patients. (Br HeartJ 1994; 72:23-30) Despite improved treatment, mortality from acute myocardial infarction in hospital is still as high as 8-27%.' Apnoeic episodes frequently occur in patients with congestive heart failure,2' chronic obstructive lung disease,45 and acute myocardial infarction,67 and they may cause episodic hypoxaemia and provoke arrhythmias and ischaemia.'89 We aimed to document the occurrence of nocturnal hypoxaemia in the subacute phase after myocardial infarction-that is, the second to sixth nights after infarction. Furthermore, we expected myocardium to be susceptible to hypoxaemia and we wanted to document a possible association between electrocardiographic abnormalities and nocturnal hypoxaemia during this time.
Patients and methods
We studied 19 consecutive patients admitted to our coronary care unit with myocardial infarction (table 1) . Exclusion criteria were factors predisposing to hypoxaemia: lung disease requiring treatment, excessive obesity, scintigraphically detected pulmonary embolism, and symptomatic or objective signs of congestive heart failure.
All patients were monitored with a Holter Precise information on simultaneous changes in myocardial arrthymias or ischaemia and oxygen desaturation was not possible because the recordings were made on two separate systems (pulse oximeter and Holter tape recorder). Synchronous time markers were placed at the start and end of each recording. Correlations between electrocardiographic abnormalities and oxygen desaturation were defined to exist if the electrocardiographic changes occurred within two minutes on either side of the oxygen desaturation.
ETHICS
The study was in accordance with the Helsinki declaration II and was approved by the local ethics committee. Patients were included if they gave their informed consent.
STATISTICS
Spearman's rank correlation test and Friedman's two way analysis by ranks were used for statistical analyses. Level of significance was chosen at P < 0-05. Tables 2, 3 , and 4 summarise the results.
Results
Nineteen patients were included in the study. Eighteen patients were monitored with pulse oximetry on the second night after infarction, 19 on the third night, 17 on the fourth night, 15 on the fifth night, and 16 on the sixth night. Eighteen patients were monitored with a Holter tape recorder on the second and third nights, 16 on the fourth and fifth nights, and 15 on the sixth night. The full monitoring protocol was not completed in one case because the patient died after the third nights, in two cases because the patients did not wish to participate any further, and in the remaining four cases because the patients did not complete a full eight hour monitoring of either pulse oximetry or Holter monitoring and were therefore excluded from the analyses.
PULSE OXIMETRY
Many patients seemed to have the sleep apnoea syndrome (>30 episodic oxygen desaturations of > 5% during the night), the incidence ranging from 6-24% (1/18 patient's to 4/17 patients) and being lowest on the second night (table 2). Many patients had episodes with oxygen desaturations < 80%, ranging from seven out of 15 (46%) to 11 out of 18 (61%) during the night of monitoring, with a median of 0-3 (range 0-4 1) episodes.
Two patients (cases 7 and 10) had constant hypoxaemia during the third to sixth and second to fourth nights, the patient in case 7 having a sinusoidal pattern during the whole night that is often seen in patients with Cheyne-Stokes respiration. Three patients (cases 9, 15, and 16) received supplemental oxygen as 100% oxygen through nasal cannulae. One patient (case 9) received 5 1/min on the second night, 2 1/min on the third night, and 2 1/min intermittently on the fourth night. One patient (case 15) received oxygen at the rate 2 I/min from midnight on the fifth night, when he had an infarction, and at the was seen in ranging from 0 (sixth night) to 29% (5/17) (second night) of the patients. On the second night we found a significant correlation between maximum heart rate and minimum oxygen saturation (r, = -0 54, P = 0-03) and between maximum heart rate and number of oxygen desaturations with a minimum value below 80% (r, = 014, P = 0004); we found no significant correlation between maximum heart rate and mean oxygen saturation during the same night (P = 009). In summary, the simultaneous occurrence of episodic hypoxaemia and electrocardiographic abnormalities (episodic tachycardia, ST deviation, and arrhythmias) ranged from 46% (7/15) (sixth night) to 72% (13/18) (third night) of the patients. One patient (case 18) died of cardiogenic shock during the day after the third night. She had one episode of non-sustained ventricular tachycardia (22 s) and simultaneously occurring episodic hypoxaemia (oxygen saturation 70% for one minute) on the night before she died (figure 4).
Discussion
We found a high incidence of episodic hypoxaemia and a possible association between episodic hypoxaemia and electrocardiographic abnormalities in most patients with acute myocardial infarction.
Previous studies have shown a high incidence of sleep apnoea in patients with myocardial infarction.67 Several studies have shown coincidence between arrhythmias, ischaemia, and hypoxaemia in patients with left heart failure,23 with the sleep apnoea syndrome,89 and after major surgery,'1 and these findings have now been confirmed in the sub- As we did not monitor respiratory movements but knew that apnoea in the sleep apnoea syndrome is usually associated with hypoxaemia,2' we chose 30 episodes of oxygen desaturation per night as a threshold for suspected apnoea syndrome. We are aware, however, that our patients may well have developed sleep apnoea or episodic hypoxaemia as a result of the infarction with resulting heart failure, instead of having had apnoeas present before having been admitted. Because of the design of the study, however, we have not been able to pursue this hypothesis. According to the definition of 30 desaturations per night as a threshold, we found an incidence of suspected sleep apnoea syndrome varying from 6% on the second night after infarction to around 20% on the following nights. This suggests a rise in the number of episodic desaturations in the later stage after acute myocardial infarction and a higher incidence of suspected sleep apnoea among patients with myocardial infarction than among controls, in whom the incidence has been reported to be between 4%6 and 10-15% in unselected middle aged people.'6 Although our study was small and adjusted for factors leading to sleep apnoea, our finding is consistent with that of Hung et al who found sleep apnoea in 36 out of 101 men after myocardial infarction when they used an apnoea index of 5 per hour.6 On the first night of monitoring we found a lower incidence of suspected sleep apnoea, which might be explained by the depression in REM sleep after trauma among several of our patients. We found prolonged episodes of oxygen saturation below 85% in three patients (cases 4, 9, and 15) only during the first night of monitoring.
Coincidence between arrhythmias, ischaemia, and hypoxaemia has been found in patients with chronic left heart failure23 and after operation" and between arrhythmias and hypoxaemia in patients with myocardial infarction.7 None of the patients had sustained life threatening arrhythmias.237 Hypoxaemia was temporally associated with ischaemia ( fig 2) and arrhythmias (figs 3 and 4). The occurrence of arrhythmias after acute myocardial infarction predicts a poorer prognosis22 and experimental studies have suggested that repeated episodes of ischaemia may have a cumulative effect and eventually cause myocardial infarction. 23 We chose nocturnal monitoring because we expected more episodic hypoxaemia during the night. After Only a few of our patients received supplemental oxygen, but because the study was not controlled for oxygen treatment we were not able to evaluate the influence of oxygen on arterial oxygenation after infarction. Controlled studies of oxygen treatment and oximetric monitoring of patients after acute myocardial infarction are warranted to rationalise oxygen treatment in such patients.
In conclusion, we found that patients have both episodic and constant hypoxaemia and that this is often associated with electrocardiographic abnormalities on the second to the sixth nights after acute myocardial infarction. Episodic and constant nocturnal hypoxaemia may be detrimental to the infarcted myocardium, and special attention should therefore be directed towards nocturnal hypoxaemia in the early phase after infarction. Further studies are needed to show to what extent routine monitoring and oxygen treatment would be beneficial and to evaluate the possible causal relation between hypoxaemia and electrocardiographic abnormalities.
